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0 Method for utilizing triethylaluminum to prepare an alumoxane support for an active metallocene 
catalyst 



(?) This invention relates to a process for preparing a supported metallocene alumoxane catalyst for use in the 
polymerization of olefins. The inverron particularly relates to the use of silica gel containing from about 6 to 
about 20 per cent by weight adsorbed water as the catalyst support material. It has been found that such silica 
ge< may be safely added to an triai*c> aluminum solution, preferably a mixed trimethylaluminum-triethylaluminum 
section, to form by direct reaction * n the adsorbed water content of the silica gel catalyst support material the 
aiumoxane component of the cataiys: system. An alumoxane coated silica gel is formed to which a metallocene 
may be added and the resulting maierial dryed to free flowing powder. The dry free flowing powder may then be 
used as a supported metallocene a:-moxane catalyst complex for gas phase or liquid phase polymerization of 
olefins. 
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METHOD FOR UTILIZING TRIETHYLALUMINUM TO PREPARE AN ALUMOXANE SUPPORT FOR AN ACTIVE 

METALLOCENE CATALYST 



BacKC'Ounc :f the Invention 



1 -e o of the invention 



Tr.s invention relates to a process for preparing a supported metallocene-alumoxane catalyst for use in 
the gas phase or liquid phase poiymenzation of olefins. The invention particularly relates to the use of silica 
get ccmamin; from acout 6 to aoout 20 per cent by weight adsorbed water as the catalyst support material. 
It -as oeen - ur td that such silica gel may be safely added to a mixed solution of trialkyl aluminums to form, 

•o by Street reaction wi* the adsorbec water content of the silica gel. the alumoxane component of the 
catalyst sysrem. In the present invention the alumoxane component is formed by contactinq undehydrated 
sihea pel wrr a mixed solution of tnetnylalummum and triethylaluminum. A metallocene may be added to 
the aiumoxar* coatee silica gel so formed and the resulting material dried to free flowing powder to yield a 
sucocrred ^aralyst which is comparable in catalytic activity to a catalyst prepared solely with 

•5 me-hytaiumtr.m as the alumoxane forming component. 



2 3ac<^rou~-r :o the -~vention 

20 C'efin pc ymerizason catalysts comprising a metallocene and an aluminum alkyl component were first 
prcccsed in aoout 1956. Australian patent 220436 proposed for use as a polymerization catalyst a bis- 
(cyciccentacenyl) titanium, zirconium, or vanadium salt as reacted with a variety of halogenated or 
unnaJcgenatec aluminum alkyl compounds. Although capable of catalyzing the polymerization of ethylene, 
sucn catalytic complexes, especially those made by reaction with a trialkyl aluminum, had an insufficient 

25 level of catar/tic activity to be employed commercially for production of polyethylene or copolymers of 
ethylene. 

Later it -as found that certain metallocenes such as bis-(cyclopentadienyl) titanium, or zirconium 
diajkyis in combination with aluminum aJkyl/water cocataiyst formed catalyst systems for the polymerization 
of ethylene: Such ca:alysts are discussed in German Patent Application 2,608.863 which discloses a 

30 poiynwzatio* catalyst for ethytene consisting of bis-(cyclopentadienyl) titanium dialkyl, trialkyl aluminum 
anc w^er. German Patent Application 2.608.933 discloses an ethylene polymerization catalyst consisting of 
a cyciooentac enyl zirconium sart. a ralkyl aluminum cocataiyst and water. European Patent Application 
No GG35242 r.scloses a process for -sparing ethylene and atactic propylene polymers in the presence of 
a :yc:ooent£c;enyi transition metal sa;t and an alumoxane. Such catalysts have sufficient activity to be 

35 commercially jseful and enable the ccntrol of polyolefin molecular weight by means other than hydrogen 
adciticn - s.ch as by controlling the reaction temperature or by controlling the amount of cocataiyst 
alumoxane as such or as produced by Tie reaction of water with an aluminum alkyl. 

To realize the benefits of such catalyst systems, one must use or produce the required alumoxane 
cocataiyst component. An alumcxane :s produced by the reaction of an aluminum alkyl with water. The 
reaction of ar aluminum alkyl with water is very rapid and highly exothermic. Because of the extreme 
violence of the reaction the alumoxane cocataiyst component has. heretofore, been separately prepared by 
one of iwo general methods. Alumoxanes may be prepared by adding an extremely finely divided water, 
such as in tre form of a humia solvent, to a solution of aluminum alkyl in benzene or other aromatic 
hyorocsrbons The production of an alumoxane by such procedure requires use of explosion-proof 

-£5 equipment arc very cose control of the reaction conditions in order to reduce potential fire and explosion 
hazarcs. For r^is reascn. it has been preferred to produce alumoxane by reacting an aluminum alkyl with a 
hycrateo salt, such as hydrated copper sulfate. In such procedure a slurry of finely divided copper sulfate 
pentanydrate and toluene is formed anc mantled under an inert gas. Aluminum alkyl is then slowly added to 
the slurry wir stirring and the reaction mixture is maintained at room temp rature for 24 to 48 hours during 

so which a slow hydrolysis occurs by which alumoxane is produced. Although the production of alumoxane by 
a hycraied sait method significantly reduces tne explosion and fire hazard inherent in the w t solvent 
producoon method, production of an ajumoxane by reaction with a hydrated salt must be carried out as a 
process sepa-ate from that of producing the metallocene-alumoxane catalyst itself, is slow, and produces 
hazardous wastes thai create cisoosai problems. Further, before the alumoxane can be used for* the 
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production ct an active catalyst comptex the hydrated salt reagent must be separated from :-e alur*oxare 
'to prevent it from becoming entrained in the catalyst complex and thus contaminating any pciymer 
produced therewith. 

U. S. Patent 4.431.788 discloses a process for producing a starch filled polyolefin compcsition wnerem 
5 a trialkyl aluminum is first reacted with starch particles. The starch particles are then treated wttn a 
(cyctopentaaienylKhromium. titanium, vanadium or zirconium alkyl to form a metailocene-alumoxane 
catalyst complex on the surface of the starch particles. An olefin is then polymerized about the starch 
particles by solution or suspension polymerization proceoures to form a free-flowing composition of 
polyolefin-coated starch particles. German Patent 3.240.382 likewise discloses a method fcr producing a 

to filled polyolefin composition which utilizes the water content of an inorganic filler material tc directly react 
with a trialkyl aluminum and produce thereon an active metallocene alumoxane catalyst complex. Polymer 
is produced by solution or gas phase procedures at the filler surface to uniformly coat the filler particies and 
provide a filled polymer composition. 

German Patent 3.240.382 notes that the activity of a metailocene-alumoxane catalyst is greatly impaired 

/s or lost when prepared as a surface coating on an inorganic material. Although German Parent 3.240.382 
suggests that an inorganic material containing absorbed or aosorbed water may be used as a filler material 
from which the alumoxane cocatalyst component may be prepared by direct reaction with a trialkyl 
aluminum, the only water containing inorganic filler materials which are identified as capable of producing 
th alumoxane without adversely affecting the activity of the metallocene alumoxane catalyst complex are 

20 certain inorganic materials containing water of crystallization or bound water, such as gypsum or mica. 
German Patent 3.240.382 does not illustrate the production of a catalyst coated inorganic filler material 
wherein the inorganic material is one having absorbed cr adsorbed water. Nor does German Patent 
3.240.382 describe an inorganic filler material having absorbec or adsorbed water which has surface area cr 
pore volume properties suitable for service as a catalyst support for a gas phase polymerizaticn procscure. 

25 My co-oending U.S. Patent Application Serial No. 134.413 discloses a method by whicr. the recuisite 
alumoxane cocatalyst component for a supported metallocene gas phase polymerization catalyst may be 
safely and economically prepared by addition of an "uncehydrated" silica gel to a tricky I aluminum 
solution. . My co-pending application illustrates the production of highly active silica gel supported gas phase 
metailocene-alumoxane catalyst wherein trimethylaluminum is utilized to form the alumoxane. Although the 

30 reaction product of triethylaluminum with water is known to form an ineffective cocatalyst, a highly active- 
catalyst system is formed in accordance with the method disclosed in my co-pending application Serial No. 
134,413. by reacting triethylaluminum with undehydrated silica gel followed by reacting with metallocene. 

Aithougn the much lower cost of triethylaluminum (TEAL) compared to trimethylaluminum (TMA) would 
seem to maxe TEAL preferred for use, such is still not the case when viewed in light of the difference m 

35 catalyst activity between a TMA produced catalyst system compared to a TEAL produced catalyst system. 
The supported catalyst produced with TMA alone always has an activity at least about 20% greater than a 
like catalyst system produced with TEAL alone. More typically, the activity of a TMA produced catalyst may 
be about 1C0% greater than a TEAL produced catalyst. Hence, from a commercial production standpoint; 
the catalyst activity difference still dictates the use of TMA for production of the alumoxane cocatalyst 
component aispite the cost savings that could be realized by use of TEAL as an alternative. 

It would be desirable to devise an economical procedure whereby an active supported metailocene- 
alumoxane catalyst could be safely produced for use as a gas phase or high pressure polymerization 
catalyst. To be economical the procedure should dispense with the requirement of producing the alumox- 
ane component as a separate component apart from the procedure by which the supported catalyst itself is 

45 prepared. Further, it would be. desirable to devise a procedure which utilizes TEAL to produce a substantial 
portion of tfce alumoxane cocatalyst required to provide a supported metailocene-alumoxane catalyst of an 
activity comparable to one wherein the requisite alumoxane cocatalyst component is formed solely from 
TMA. 

SO 

Summary of the Invention 

The process of this invention utilizes as the catalyst support material silica particles having a surface 
ar a in th range of about 10 m 2 /g to about 700 m 2 /g. preferably about 100-500 m 2 /g and desirably about 
55 200-400 m z g. a pore volume of about 3 to about 0.5 cc'g and preferably 2-1 cc/g and an adsorbed water 
content of from about 6 to about 20 weight per cent, pref rably from about 9 to about 1 5 weight per cent. 
Such silica particies are ref rred to hereafter as an "undehydrated silica gel." The term "und hydrated 
silica gel" is used herein to include gels which have a water content established by some drying or 
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hydroxon step but which rave a leve= of water content simiar to an undehyarated s;ica gel. ~~e silica 
supported metallocene-alunoxane catalyst ts prepared by adding the unoenydrateo silica qe>- to a stir^o 
solution of trialkyl aluminum m an arrount sufficient to provide a mole ratio of trialky! aluminum to waier cf 
from about 3:1 to about 1:2. preferably 1.2:1 to about 0.8:1: thereafter acding to ms stirrea solution a 
5 metallocene in an amount sufficient :d provide an aluminum to transitional r?etal ratic of from aoout 10CO:1 
to 1:1. preferably from abcut 300:1 tc 10:1. most preferably from about 150:1 to about 30:1: amoving re 
solvent and drying the sc:ids to a Vee flowing powder. Drying can be cotained :y modes: heating zr 
vacuum. 

The dried free flowing cowder comprises a metallocene-alumoxane catalyst compex adsorbed upon re 
•o surface of the silica gel support particles. The supported catalyst complex has an acvity sufficient for use 
as a catalyst for polymenzation of olefins by conventional gas phase cr liquid ohase polymerization 
procedures. 

The process of this invention further provides for the use of TEAL to produce a substantia portion of 
the alumoxane cocatalyst component required to produce a supported metal locene-alumoxane cararyst 

•5 having a degree of catalytic activity which is comparable to a catalyst of like composition wherein the 
alumoxane cocatalyst component is produced solely with TMA. Accordingly, in ths embociment of the 
process, the undehydrated silica gel support material is added to a stirred solution cr TMA and TEAL T.e 
mole ratio of TMA:TEAL in common solution being from about 0.3 to about 3.0 and ne mole sum of TMA 
and TEAL being selected to provide a mole ratio of Al to transition metal in the final catalyst composition of 

20 from about 150:1 to about 30:1: thereafter the metallocene is added to the stirred s:Jution after whicn fr.e 
solvent is removed and rr*e soids cried to a free-flowing powder. The suoportec ratalyst metaliocere- 
aiumoxane so resulting -as a catalyst activity at least comparable to a supocaed csiajyst of ;ke 
metallocene composition arc AJ:trans;non metal ratio the alumoxane comporent of wnch is procuced sc;e:y 
from TMA 

25 

Detailed Description of the Preferred Embodiments 

The present invention is directed towards a method for preparing a supported catayst system for use in 

30 the gas phase or liquid phase polymerization of olefins. The supported catarysf is pa-icularly useful for me 
gas phase polymerization of ethylene to high molecular weight polyethylenes such as linear low density 
polyethylene (LLDPE) and high density polyethylene (HOPE). The polymers are intenced for fabrication into 
articles by extrusion, injection molding, thermoforming. rotational molding, and the ike. In particular, the 
polymers prepared with the catalyst complex and by the method of this inventin are homcpoiymers of 

as ethylene and copolymers of ethylene with higher alpha-olefins having from 3 to about 10 carbon atoms and 
preferably 4 to 8 carbon atoms. Illustrative of the higher alpha-olefins are butene-i. hetene-1. and octene-1. 

In the process of the oresent invention, ethylene, either alone or together with aipra-olefins having rree 
or more carbon atoms, is polymerized in the presence of a silica gel supposed catalyst system compnsirg 
at least one metallocene and an alumoxane. 

-*o In accordance with this invention, one can also produce olefin copolymers, parceularly copolymers of 
ethylene and higher alpha-olefins having from 3-18 carbon atoms. 

The active catalyst complex prepared by the process of this invention comprises a metallocene ana an 
alumoxane formed onto the surface of a silica gel support material. Alumoxanes are oligomenc aluminum 
compounds represented by the general formula (R-AI-0) y Which is believed to be a cyclic compound and R- 

-15 (R-AI-0-) y AIR 2 . which is a linear compound. In the general formula. "R" is a Ct-Ct 0 2*y! grouo such as. for 
example, methyl, ethyl, propyl, butyl, and pentyl and "y" is an integer from 2 to abcut 30 and represents 
the degree of oligomerization of the alumoxane. Preferably, the degree of oHgomerizaion. w y," is about 4 to 
about 25 and most preferably 6-25. Generally, in the preparation of alumoxanes f^m, for example, the 
reaction of trimethyl aluminum and water, a mixture of linear and cyclic compounds 3 obtained. Generally, 

so an alumoxane having a higher degree of oligomerization will, for a given metallocene. produce a cat2Jyst 
complex of higher activity than will an alumoxane having a lower degree of oligorrerization. Hence, the 
procedure by which alumoxane is produced by direct reaction of a trialkyl aJuminum *ith an undehydrated 
silica gel should insure the conversion of the bulk quantity of the trialkyl aluminum tc an alumoxane having 
a high degree of oligomerization. In accordanc with this invention th desired degree of oligomerizaDcn is 

55 obtained by the order of addition of reactants as described hereinafter. 

The metallocene may be any of the organometallic coordination compounds ocained as a cyclooen- 
tadienyl derivative of a transition metal. Metallocen s which are useful fcr preparing an acnve catalytic 
complex according to the process of this invention are the mono, bi and tri cycloperadienyl or substnuted 
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cycopentaaienyi metai compounds and most preferably. bi-cyc!opentadienyl comcounds. The metailocenes 
particularly useful in this invention are represented by the general formulas: 
I- (Cp) m MFUX q 

wherein Cp is a cyclopentacienyl ring. M is a Group 4b or 5b transition metal and preferably a Group 4b 

transition metal. R is a hydrocarbyl group or hydrocarboxy group having from 1 to 20 carbon atoms. X is a 

halogen, ana "m" is a whole number from t tc 3. "n" is a whole number form 0 to 3. and "q" is a whole 

number from 0 to 3. 

»■ (C5R *) g R\<C;R\)MQ:_ 3 . and 

I'*- R $(C;R \hMQ 

wherein (C*R k ) is a cyciopentadienyl or substituted cyclopentadienyl. each R' is the same or different and 
is hydrogen or a hydrocarbyl radical such as alkyl. alkenyl, aryl. alkylaryl, or arylalkyl radicals containing 
from 1 to 20 carbon atoms, a silicon-containing hydrocarbyl radical, or a hydrocarbyl radical wherein two 
carbon atoms are joined together to form a C.-C« ring. R* is Ct-C* alkylene radical, a diaikyl germanium or 
silicone, or an alkyl phosphine or amine radical bridging two (CsR\) rings. Q is a hydrocarbyl radical such 
as aryl. alkyl. alkenyl. aikylaryl. or arylalkyl having 1-20 carbon atoms, hydrocarboxy radical having 1-20 
carbon atoms or halogen ana can be the same or different. Q is an alkylidene radical having from 1 to 
about 20 carbon atoms, s is 0 or 1. g is 0. t or 2; when g is 0. s is 0; k is 4 when s is 1 and k is 5 when s is 
0 and M is as defined above. 

Exemplary hydrocarbyl radicals are methyl, ethyl, propyl, butyl, amy!, isoamyl. hexyl. isobutyl. heptyl. 
ocr/l. nonyi. decyl. cetyl. 2-ethylhexyl. phenyl, and the like. Exemplary alkylene radicals are methylen , 
ethylene, propylene, and the like. Exemplary halogen atoms include chlorine, bromine and iodine and of 
these halogen atoms, chlorine is preferred. Exemplary of the aikylidene radicals is methylene, ethylidene 
arc propylene. 

Of the metailocenes. hafnocene. zirconocenes and titanocenes are most preferred. Illustrative but non- 
limiting examples of the metailocenes which can be usefully employed in accordance with this invention are 
mcnocyclopentadienyl titanocenes such as. cyclopentadienyl titanium trichloride, pentamethylcyclopen- 
taaienyl titanium trichloride: bs(cyclopentadienyl) titanium diphenyl; the carbene represented by the formula 
Cp 2 Ti = CH 2 # Al(CH 3 ) 2 CI and derivatives of this reagent such as Cp 2 Ti = CH 2 • AI(CH 3 ) 3 , (Cp 2 TiCH 2 ) 2 . 
Cp 2 TiCH 2 CH(CH 3 )CH 2 . Cp 2 Ti=: CHCH 2 CH 2 ,_Cf^Ti = CH 2 • AIR%CI. wherein Cp is a cyclopentadienyl or 
substituted cyclopentadienyl radical, and R~ is a alkyl. aryl. or alkylaryl radical having from 1-18 carton 
atoms; substituted bis(Cp)Ti(IV) compounds such as bis(indenyl)Ti diphenyl or dichloride. bis- 
(methyfcyclopentadienyl)Ti diphenyl or dihalides and other dihalide complexes: diaikyl. trialkyl. tetra-aikyl 
and penta-alkyl cyclopentadienyl titanium compounds such as bis(1.2-dimethylcyclopentadienyl)Ti diphenyl 
or dichloride. bis(l,2-diethyicyclopentadienyl)Ti diphenyl or dichloride and other dihalide complexes: sili- 
cone, phosphine. amine or carbon bridged cyclopentadiene complexes, such as dimethyl silyldicyclopen- 
tadienyl titanium diphenyl or dichloride. methylenedicyclopentadienyl titanium diphenyl or dichloride and 
other dihalide complexes anc the like. 

illustrative but ncn-limiting examples of the zirconocenes which can be usefully employed in accor- 
dance with this invention are. cyclopentadienyl zirconium trichloride, pentamethylcyclopentadienyl zirconium 
trichloride, bis(cyclopentadienyl) zirconium diphenyl, bis(cyclopentadienyl)zirconium dichloride, the alkyl 
substituted cyclopentadienes. such as bis(ethyl cyclopentadienyl)zirconium dimethyl. bis(^-phenylpropyl- 
cyclopentadienyl)zirconium dimethyl, bis(methylcyclopentadienyl)zirconium dimethyl, and dihalide com- 
plexes of the above: di-alkyl. tri-alkyl. tetra-alkyl. and penta-alkyl cyclopentadienes. such as bis- 
(pentamethylcyclopentadienyl)zirconium dimethyl, bis0.2-dimethylcyclopentadienyl)zirconium dimethyl, bis- 
(1.3-diethyl-cyclopentadienyDzirconium dimethyl and dihalide complexes of the above: silicone, phosphorus, 
and carbon bridged cyclopentadiene complexes such as dimethylsilyldicyclopentadienyl zirconium dimethyl 
or dihalide. methylphos phine dicyclopentadienyl zirconium dimethyl or dihalide. and methylene dicyclopen- 
tadienyl zirconium dimethyl or dihalide. carbenes represented by the formulae Cp 2 Zr = CH 2 P(C€H S )2CH 3 . 
and derivatives of these compounds such as Cp 2 ZrCH 2 CH(CH 3 )CH 2 . 

Bis(cyclopentadienyl)hafnium dichloride, bis(cyclopentadienyl)hafnium dimethyl, bis(cyclopentadienyl)- 
vanadium dichloride and the like are illustrative of other metailocenes. 

Generally the use of a metallocene which comprises a bis(substituted cyclopentadienyl) zirconium will 
provide a catalyst complex of higher activity than a corresponding titanocene or a mono cyclopentadi nyl 
metal compound. Hence bis(substituted cyclop ntadienyl) zirconium compounds ar preferred for us as 
the metallocen . 

Heretofore the alumoxane component of the active catalyst complex has been s parately prepared then 
added as such to a catalyst support material which is then treated with a metallocen to form the activ 
catalyst complex. One procedure heretofore employed for preparing the alumoxan separately is that of 
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contacting water m the form of a moist solvent with a solution of triaikyl aluminum in a suitable organic 
solvent such as benzene or aromatic hydrocarbon. As before noted this procedure is attendant with fire and 
explosion hazards which requires the use of explosion-proof equipment and carefully controlled reaction 
conditions. In an alternative method heretofore employed for the separate production of alumoxane. an- 
5 aluminum alkyl is contacted with a hydrated salt, such as hydrated copper sulfate. The method compnsed 
treating a diiute solution of aluminum alkyl in. for example, toluene, with a copper sulfate pentahydrate. A 
slower, controllea hydrolysis of the aluminum alkyl to alumoxane results which substantially eliminats the 
fire and explosion hazard but with the disadvantage of the creation of hazardous waste products that must 
be cisposea of and from which the alumoxane must be separated before it is suitable for use in the 

*j production of an active catalyst complex. Separate production of the alumoxane component by either 
procedure is time consuming and costly. Correspondingly, the use of a separately produced alumoxane 
greatJy increases the cost of producing a metallocene-alumoxane catalyst. 

In accorcance with the present invention the alumoxane component of the catalyst complex is prepared 
by direct reaction of a triaikyl aluminum or triaikyl aluminum mixtures with the material utilized as the 

•5 catalyst support, namely an undehydrated silica gel. Silica useful as the catalyst support is that which has a 
surlace area m the range of about 10 to about 700 m 2 /g. preferably about 100-500 and desirably about 200- 
400 m 2 'g, a pore volume of about 3 to about 0.5 cc/g and preferably 2-1 ccg. and an adsorbed water 
content of from about 6 to about 20 weight percent, preferably from about 9 to about 15 weight percent. 
The average panicle size (APS) of the silica may be from about 0.3a to about i00a, and for a gas phase 

20 cataiyt preferably from about 30a to about 60a (la = lO^m). For a catalyst intended for high pressure 
polymenzaticn tre panicle size of the silica should range from about 0.3 to no greater than about 10a. 
Hereafter, smca raving the above identified properties is referred to as undehydrated sihca gel. 

Undehycratec silica gel. as defined above, is added over time, about a few minutes, to a stirred solution 
of tnalkyl aluminum, in an amount sufficient to provide a mole ratio of triaikyl aluminum to water of from 

o about 3:1 to 1:2. preferably about 1.2:1 to 0.8:1. When used singularly the tnalkyl aluminum preferred for 
use »n forming the alumoxane is trimethylaluminum. Next in order of preference, when used singularly! is 
triethylaluminum. Although triethylaluminum when reacted with a moist solvent or a hydrated salt does not 
produce an alumoxane product which will serve as a cocatalyst for production of a high activity 
metallocene-alumoxane supported catalyst, it may be used in accordance with the procedure of this 

20 invention to produce an alumoxane coated silica particle to which a metallocene may be added to form a 
high activity metaJlocene-alumoxane supported catalyst. Hence, in the process of this invention, a high 
activity supported catalyst may be produced solely from TEAL although a TEAL produced catalyst will 
generally have a lower degree of catalytic activity than a catalyst of similar composition the alumoxane 
cocatalyst of which is produced solely from TMA. The solvents used in the preparation of the catalyst 

js system are inert Hydrocarbons, in particular a hydrocarbon that is inert with respect to the catalyst system. 
Such solvents are well known and include, for example, isobutane, butane, pentane. hexane. heptane, 
octane, cycicnexane. methylcyciohexane. toluene, xylene and the like. The less toxic aliphatic hydrocarbon 
solvent is preferred. Also suitable for use as the aluminum triaikyl are tnpropyi aluminum, tri-n-butyi 
aluminum tri-isocutyl aluminum, tri(2-methylpentyl) aluminum, trihexyl aluminum, tri-n-octyl aluminum, and 

jo tn-n-decyl aluminum. Although such triaikyl aluminum compounds are ineffective when used to form an 
alumoxane cocaraiyst separately from the silica gel support material, when reacted with an undehydrated 
silica gel in accordance with the procedure of the invention an effective alumoxane cocatalyst component is 
formed as a coaong on the silica gel particle. Again, ion comparison to an alumoxane produced from TMA. 
the alternative tnaJky aluminum compounds will not. when used singularly, produce a catalyst which is as 
active as one prcOuced solely from TMA. 

Upon addition of the undehydrated silica gel to the solution of triaikyl aluminum, the water content of 
the silica gel conorollably reacts with the triaikyl aluminum to produce an alumoxane which is deposited onto 
the surface of the silica gel particles. Although the reaction of the triaikyl aluminum with the water content of 
the silica gel proceeds relatively quickly, that is, it is generally completed within ther time of about 5 

50 minutes, it does not occur with the explosive quickness of that which occurs with free water. The reaction 
may be safely conducted in conventional mixing equipment under a mantle of inert gas. 

Thereafter a metallocene is added to the stirred suspension of alumoxane silica gel product in an 
amount sufficient to provide a mole ratio of aluminum to transition metal of from about 1000:1 to about 1:1. 
preferably from about 300:1 to about 10:1 and most preferably from about 150:1 to about 30:1. Th mixture 

55 is stirred for about 30 minutes to about one hour at ambient or an elevated temperature to p rmit th 
metallocene to undergo complete reaction with the adsorbed alumoxane. Thereafter, the solvent is removed 
and the residual solids are dried, preferably at a temperature of 25 *C or greater, to a free flowing powder. 
The free flowing powder comprises a silica gel supported metallocene-alumoxane catalyst complex of 
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sufficiently higr catalytic activity fcr use r :ne polymerization of olefins by conventional gas phase cr .iquic 
phase polymerization procedures. 

The order of additicn between the u-cehydrate silica gel and the trialkyl aluminum is important with 
regarcs to the activity of the supported casJyst which results upon addition of the metallocene. A supportea 
catalyst composition of -ale or no activity -esults wherein an trialkyl aluminum is added to a stirred solvent 
suspension of undehydrated silica ^el. it *as been found that to prepare a supported catalyst composition 
of accectable cr high acrvity the cder o: -nixing must be on wherein the undehydrated silica gel is addeo 
to a stirred section of Tie tnaikys alumrrum. It is believed that this order of mixing forces the tnalkyi 
aluminum to undergo reaction m tre context of a transient localized excess of tnalkyi aluminum comparec 
to a transient localized Deficiency cf water Under a mixing condition which slowly adds undehydratea silica 
gel to a stirred solution of trialkyl alumnum. the bulk content of the trialkyl aluminum converts to an 
alumoxane with a degree of oligomerizaticn of about 6-25 (y = 6-25). Production of an alumoxane with this 
degree of oligomerizaticn results :n a frtal metallocene alumoxane catalyst complex of useful or high 
activity. A reverse order of mixing, rjiat is. addition of an trialkyl aluminum to a stirred solvent suspension of 
undehydrated silica gel yields a cataiyst wmch has a low degree of catalytic activity. 

In addition to the importance cf proper mixing order in achieving a supported catalyst of useful activity, 
it has also been observed that the wate- content of the undehydrated silica gel influences final catalyst 
activity. Hence the underrated siSca ge- should have an adsorbed water content of from about 6 to about 
20 weight percent. Preferably the adsoced water content should be from about 9 to about 15 weight 
percent. 

Farther influencing re degree of acr/ity attained in the final supported catalyst complex is the mole 
-atio c: tnalkyi aiummur to the acsorber water content of the undehydrated s»iica gel. The quantities of 
tnalkyi aiummum empic>ed shcuic. in c:mpanson to the quantity of undehydrated silica gel of specifiec 
adsorbed water content, ce selectea to provide a mole ratio of total trialkyl aluminum to water of from about 
3:1 to about 1:2. preferaciy from acout 1 =:i to about 0.8:1. more preferably from about 1.2:1 to about 0.8:1. 
It has been observed that for a given metallocene. a maximum catalyst activity is generally observed in the 
trialkyl aluminum to water mole raao ran;e of about 1.2:1 to about 0.8:1. Depending upon the particular 
trialkyl aluminum selected for use. commercially acceptable catalyst activities are exhibited in the trialkyl 
aluminum to water mole ratio range of abcut 3:1 to about 1:2. 

Also influencing the cost of productio- and the level of catalytic activity obtained in the final supportea 
catalyst complex is the mole ratio of aluminum to transition metal of the metallocene component. The 
quantity of metallocene added to the alurroxane adsorbed silica gel solids should be selected to provide an 
aluminum to transition rretal mole ratio o : from about 1000:1 to about 1:1. preferably from about 300:1 to 
about 10:1, and most preferably from about 150:1 to about 30:1. From the standpoint of economic 
consicerations ?t is desiraole to operate ir -he lower ranges of the aluminum to transition metal mole ratio in 
order to minimize tne ccst of catalyst proruction. The procedure of this invention is one which provides the 
maximum conversion of Tie tnaikyr alumr-m component to the most efficacious form of alumoxane. hence 
permits the sate croducron of a supporter metallocene alumoxane catalyst of useful activity with minimum 
quantities of the costly tnalkyi alumtnum crmponent. 

As before noted, the type of trialky aluminum utilized for production of the alumoxane cocatalyst 
component exerts an influence over the oagree of catalytic activity that can be achieved in the final catalyst 
composition. Heretofore trimethyialuminun has been the trialkyl aluminum of preference since it yields 
methyialumoxane <MAO). Metallocenes :ocatalyzed with methylalumoxane exhibit substantially greater 
catalyse activities than wnen cocataJyzed *ith higher "alkyfalumoxanes such as ethylalumoxane. Thus, even 
though trimethyialuminum costs about ter times more than triethylaluminum, though desirable from a cost 
standcxDint. because of its associated lower ability to activate the catalyst composition TEAL has not been 
the trialkyl aluminum of cnoice for use. 

The present invention now provides a method by which substantial quantities of TEAL can be used in 
replacement of the more expensive TMA :o produce a methyl alumoxane-ethylalumoxane mixed cocatalyst 
component which, when combined with 2 metallocene. produces a final supported catalyst having a degree 
of catalytic activity comparable to one :f like Al:transition metal ratio and metallocene composition but 
which is cocataiizec soleiy with metnylalu-ioxane. In this embodiment of the invention, the trialkyl aluminum 
solution to which the urcehydratec silica gel is add d comprises a mixed solution of TMA and TEAL in 
mole ratio of TMA:TEAL of from about 0.3 to about 3.0. in quantities to provide the quantity of total 
aluminum necessary to achieve the mole -atio of Al to transition metal desired in the final supported catalyst 
composition. 

According :o the invented procedure, a catalyst composition th alumoxan cocatalyst of which is 
produced soleiy from TMA generairy has a catalytic activity (measured as g polymer/g transition metai/hr) 
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about twice as great as a catalyst of similar composition the cocatalyst alumoxane of wnch is produced 
solely from TEAL In accordance with the method of this invention, a 1:1 mole ratio mixture or TMA to TEAL 
has been found to produce a silica gel supported mixed methyl aJumoxane-ethyl alumoxane cocatalyst 
component wnich has substantially the same or greater degree of ability to promote catalytic activity by the 
metallocene component as does methylalumoxane alone. A 1:3 mole ratio mixture of TMA to TEAL has 
been found to produce a mixed methyl-ethyl alumoxane silica gel supported cocatalyst component which 
has about 85 3 3 of the activating ability of methylalumoxane to promote catalytic activity by the metallocene 
component. 

By apprcoriate selection of the type and relative amounts of the metallocene and the tnalkyl aluminum 
cocatalyst precursor, one can attain by the present method the particular active catalyst complex desired 
for any particular application. For example, higher concentrations of alumoxane in the catalyst system 
generally result in higher molecular weight polymer product Therefore, when it is desired to produce a high 
molecular weight polymer a higher concentration of trialkyl aluminum is used, relative to the metallocene. 
than when a is desired to produce a lower molecular weight material. For most applications the ratio of 
aluminum in the aluminum aikyl to total metal in the metallocene can be in the range of from about 300:1 to 
about 20:1, and preferably about 200:1 to about 50:1. 

Following the addition of the metallocene to the alumoxane adsorbed on the silica gel solids, the 
catalyst is cried to a free flowing powder. Drying of the catalyst may be conducted by filtration or 
evaporation of solvent at a temperature up to about 85 - C. The dried free flowing powcer comprises a 
metallocene-aiumoxane comolex adsorbed upon the surface of the silica gel support particles. The dried 
state composition exmbus a :evel of catalytic activity useful for polymerization of olefins by a gas phase or 
iiQuid phase rrocedure as are known m the art. 

As diseased m copending application Serial No. 728.111 filed April 29, 1985. the modular weignt of 
the polymer oroduct can be controlled by the judicious selection of substituents on the cyclopentadienyl 
ring and use of ligands for the metallocene. Further, the comonomer content can be controlled by the 
judicious selection of the metallocene. Hence, by the selection of catalyst components it is possible to tailor 
the polymer oroduct with resoect to molecular weight and density. Further, one may tailor the polymeriza- 
tion reaction conditions over a wide range of conditions for the production of polymers having particular 
properties. 

In the examples following, the melt index (Ml) and melt index ratio (MIR) were determined in 
accordance with ASTM test 01238. 



Example 1 

300 ml of dried and degassed heptane is charged into a one-liter three-neck flask equipped wuh a 
magnetic stirring bar. A mixture of 80 ml of TMA in heptane (1.62 M) and 1 80 ml of TEAL in heptane 
solution (i .5-t M) is then charged into the flask to form a clear solution. Thereafter. 100 g of "undehydrated" 
silica gel (Davison 948) which contains 8.1% of water is slowly added into the flask. After the addition is 
completed, the mixture is stirred at ambient temperature for one hour. Thereafter, 2.5 g of di-(n- 
butylcydopentadienyt) zirconium dichloride slurried in 120 ml of heptane is then added into the flask and 
the^ mixture »s allowed to react at ambient temperature for 30 minutes. The mixture in the flask is heated to 
55 C in an oil bath while a nitrogen gas is purged through the flask to remove the solvent. The heating and 
nitrogen purging are stopped when the mixture in the flask turns into a solid form. The mixture is then dried 
under vacuum to form a free-flowing powder. ~ 

<v . • - * , , • 

Example 2 ' j 

' I 

The procedure of Example 1 is followed with the exception that a mixture with 10 ml of TMA in heptane 
(1.62 M) and 120 ml of TEAL in heptane solution (1.54 M) is added into the flask. 



Example 3 

The procedure of Example 1 is followed with the exception that a mixture with 30 ml of TMA in heotane 
(1.62 M) ano 100 ml of TEAL in heptane solution (1.54 M) is added into the flask. 
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Example 4 

The procedure of Example 1 is followed with the exception trat a mixture with 65 ml of TMA in heptane 
(K62 M) and 65 rv of TEAL in heptane solution (1.54 M) «s addea >nto the flask. 



Example 5 (Comccrative) 

The procedure of Example 1 is followed with the exceotion that 130 ml of TMA in heptane solution (1.62 
;o M) is aaded into ;re flask and the arymg temperature is 75 C. 



Example 6 (Comparative) 

The procedure of Example 1 is followed with the exception mat 130 ml of TEA in heptane solution (1.54 
M) is added into tre flask. 



Catalyst Test 

20 

The activity c ; the catalyst powders of Examples 1-6 were ietermtrec at ambient temperature arid 5 
psig ethylene pressure by the following procedure. A 150 mister val was freshly cleaned, heated to 
130*C for 6 hours, cooled to rocm temperature and flushed with nitrogen for 10 minutes. The vial was 
provided with a "gnetic stirring oar and 2.5 grams of catalyst, composition was charged into the vial. At / 
?5 ambient temperar-re ethylene gas was fed into the vial and an ethylene pressure of 5 pig was maintained 
for one hcur. Thereafter ethylene gas was vented from the vial and the polyethylene formed inside the vial 
was collected anc weighed. The yield of polyethylene obtained with each catalyst composition is reported in 
Table I. 

/- 

30 TABLE I * 



35 
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CATALYST TEST RESULT 


Catalyst 


Amount 




Polyethylene 




Formed, g 


Example i 


2.5 


2 


1.3 


3 


2.6 


4 


3.6 


5 


3.3 


6 


1.5 



45 



The invention nas been described with reference to its preferred emoodiments. From this description, a 
person of ordinary skill in the art may appreciate changes that could be made in the invention which do not 
depart from the scope and spirit of the invention as described above and claimed hereafter. 
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Claims 

1 . A process ; or preparing a supported metallocene alumoxane catalyst for polymerization of olefins, 
comprising the steos of: 

(a) adding jndehydrated silica gel to a stirred solution containing trimethylaluminum (TMA) and 
triethylaluminum (TEAL) in a mole ratio of TMA:TEAL of from 0.3:1 to 3:1 and in a amounts sufficient to 
provide a mole rato of total trialkyl aluminum to water of from 3:1 to 1:2 and allowing the mixture to react: 

(b) adding a metallocene to the reacted mixture; _ 
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c) rerrrvrng the solvent: 
id) dryirg ihe sc^as to a free flowing powder. 

2 Process according to claim t. wherein said underydrated silica gel has a water cement of Vcm 6 tc 
20 we-ght perrent. 

3 Process accord.rg to claim 1 or claim 2. whereir the mole ratio of alum.num to iransition m-tal in 
said ^etaiiocsne >s Iron 1000:1 to 1:1 and preferably fr C -> 300:1 to 10:1 and especially frcm 150:1 to 30 1 

•i Process according to any of the preceding claims, wherein said undehydrated silica gel has a water 
content of fro~> 5 to 20 weight percent and or :ne mole -no of total trialkyl aluminum to water is from i >• 
to 0.8 i 

5. The prccess according to any of the preceding -aims, wherein said undehydrated silica gei has a 
surface area :r from 200 to 400 m*,g. a pore volume of Vom i to 2 cog and/or a particle size of from 30u 

to 60ti. 

6 A process for preparing a supported metallocene alumoxane catalyst for polymenzation of ethylene 
and cmer alpra olefin monomers, comprising the steps cr 

ia) adong undenydrated silica gel to a stirred solution containing trimethylaluminum (TMA) anc 
tnethy.alum.nLm (TEAL) in a mole rat.o of TMA:TEAL of from 0.3:1 to 3:1 and in amounts sufficient to 
prov.ee a mo.e ratio of *otaJ trialkyl aluminum to water of Tom 3:1 to 1:2 and allow.ng the mixture to reacr 

<b) aocng to tfe reaction m.xture a metallocere of the formula: (CpUMR^ wherein Cp is a 
cyclocentad.er.yi ring, VI is a Group 4b or 5b transition metal. R is a hydrocarbyl group or hydrocarbon 
grouc navmg -r 0 m i to 20 carbon atoms. X is a halogen and m is a whole number from i to 3. n is a whole 
numcer form 0 to 3. arc q is a whole number from 0 to 3: 
*CiR ,?-R^C:R'../MQ s ... or R" s tC=R' k ) 2 MO' 

wnerem (CsR.j =s a cyciopentadienyl or substituted eye opentad.enyl. each R' .s :he same or different anc 
is hycrcgen cr a nydrocarbyl radical containing from 1 tc 20 carbon atoms, a silicon-containing hycrocarby* 
radical, or a rycrocarcyl radical wherein two carbon atoms are joined together to form a C*-C* nng. R~ is 
C<-C* alkylere radical, a dialkyl germanium or silicone. cr an alkyl phosphine or amine radical bridging twe 
<C 5 R,) rings Q -s a nydrocarbyl radical having 1-20 carbon atoms, hydrocarcoxy radical having 1-2* 
carben atoms or halogen and can be the same or different. Q* is an aikylidene radical having from 1 to 
about 20 carbon atoms, s is 0 or 1, g is 0. 1 or 2; when g is 0. s is 0; k is 4 when s is 1 and k is 5 when s .s 
3: 0 anc M is as defined above: 

(c) removing the solvent: 

(d) drying rhe soiids to a free flowing powder. 

7. Process according to claim 6. wherein said metaliccene is a zirconocene or titanocene. 

3. Process accorcing to claim 7, wherein said zirconocene is selected from the group consisting of 
25 cydccentadienyi zirconium trichloride: 

pentamethyfcycicoentadienyl zirconium trichlonde: 
ttstcyciopeniaoienyDzirconium rjjphenyl: 

bisicyciopeniacienyozircomum dichlor.de: alkyt substituted cyclopentadienes. ana their cihai.de ccmcexes: 
dialkyl. tr.aiky.. teira-aikyl. and penta-alkyi cyciopentacanes. and their dihalide complexes: ano si»cone. 
pnosohorus. and carbon bridged cyclopentadiene compexes and wherein said titanocene is selectee from 
the group consisting of monocyclopentadienyl ntanocenes: 

bis(cyclopentadienyl) manium diphenyl; carbenes represented by the formula Cp 2 Ti=CH 2 • AI(CH 3 fcCI anc 
their derivatives, wherein Cp is a cyciopentadienyl or substituted cyciopentadienyl radical: substituted bis- 
(Cp)T.(lV) compounds and their dihalide complexes: aalkyl. trialkyl, tetra-alkyl and penta-alkyl cycopen- 
s tadienyl titanium comcounds and their dihalide compexes; and silicone, phosphine. amine or carbon 
bridged cyciccentadiene complexes, and their dihalide complexes. 
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